In this study, we analyze the portfolio allocation based on time asymmetry of stock characteristics. In particular, we analyzed the empirical data of changes in financial stock prices during the day period and during the night period and have found that characteristics such as mean and variance are different for changes during the day and changes during the night. Also, the portfolio characteristics, such as covariance between stocks, differ on whether we take into account day changes or night changes in prices. That greatly affects the allocation of fund to the portfolio for an investor who trades frequently. The portfolio should be re-balanced every day in order to achieve optimality and much higher return. At the same level of risk the returns on this new portfolio may by several times larger than the returns on a portfolio without everyday re-balancing. We computed numerically the allocation of funds for the stocks from the finance industry and showed that the increase in returns is substantial.
publIc InTEREsT sTATEmEnT
The stock prices experience changes to their value differently during non-trading hours compared to changes during trading hours. The different dynamics of changes allows informed investor to increase an annualized return of optimal portfolio by tens of percent if the investor is willing to trade frequently (twice a day). We showed that the optimal portfolio should be re-balanced every day at the opening and at the close of the market. At the same level of risk, an investor has much higher expected returns such an optimal portfolio compared to a portfolio without everyday re-balancing. We showed how one could allocate the funds to create such a portfolio.
time of day. In general, this might not be true. Indeed, the flow of information depending on the time of day may be changing and, therefore, might affect stock characteristics. starting from classical works by markowitz (1952, 1991a) and merton (1969) to more elaborated theories (see, e.g. campbell, lo, & macKinley, 1998 and references therein) stock characteristics are assumed to be constant. This assumption is reasonable for one-period cases, as seen in markowitz (1952) , but, generally, models with constant characteristics may be erroneous. This may either cost a fortune in diminished returns or cause investors to accept higher risk. one of the possible ways to account for this problem is to anticipate structural shifts (see Ang & bekaert, 2002; Ang & chen, 2002; bai, lumsdaine, & stock, 1998; bai & perron, 2001; campbell, 2000; hashem pesaran, pettenuzzo, & Timmermann, 2006; pástor & stambaugh, 2001; Wachter & Warusawitharana, 2009; Wright, 1996 and references therein). unfortunately, computing stock characteristics, such as expected returns, during short-time intervals is not a simple procedure; therefore, both investors and academics generally assume that these characteristics do not change in weeks, if not months. hundreds of articles are published every year regarding computation and approximation of stock characteristics in an environment of structural breaks, but there is yet to be a universal consensus on an accurate computational model for said changes.
In this paper, we want to pursue a different approach. Instead of looking for structural changes, we assume that securities are in different states and switch from one state to another at periodic intervals. Although one can consider as many states for a security as one deems necessary, we assume that each stock can only be in one of two different states for simplicity. The stock switches from one state to another one periodically and frequently. contrary to the common belief of smooth and slow changes in stock characteristics on the scale of months, we postulate that abrupt changes exist caused by the natural flow of information. Information is generated differently during trading and non-trading hours, thus the stock characteristics will change from work hours to non-work hours and vice versa. We define the first state based on stock behavior during nYsE trading hours, which we will call the "DAY" state. The second state is characterized by stock behavior during the hours when nYsE is closed, which we will call the "nIGhT" state. We assume that during any state the characteristics of the stock behavior stay constant, i.e. there are no structural breaks during the day or the night. however, it is important to note that we do not make the assumption that "DAY" characteristics, such as expected return, covariance matrix, etc. are equal to "nIGhT" characteristics. From this point of view, every stock alternates between the "DAY" and "nIGhT" state, each state having its "Daily" and "nightly" characteristics, respectively. For simplicity, we allow stock trading either when the exchange opens or just before the exchange closes, which means there is no intraday trading in our model.
We propose the following trading strategy. As the exchange opens, we buy the best portfolio based on "Daily" characteristics of stocks. At market closing, we re-balance the portfolio using the "nightly" values. next morning, we sell our "nightly" portfolio and buy a new one, based on "Daily" characteristics again, and continue this process for the desired period of time. We claim that such a strategy allows us to realize much higher returns compared to the common buy-and-hold strategy.
This paper is organized as follows. In the second section, we discuss our model and compute the important stock characteristics. The third section is devoted to the empirical analysis of the financial industry, creation of the optimal portfolio, and choice of correct allocation of funds. This section also includes efficient portfolios plots and results of our study. The last section concludes the paper.
Model
In our model, each real stock is in one of two states, with each state considered to be a different security. one of the securities, the "Daily security" is the stock traded during nYsE trading hours. We can invest in it for one period by buying a stock at the opening of nYsE and selling it at the close of nYsE. conversely, we can invest in the "nightly security" for one period by buying stock at the close of nYsE and selling it next trading day at the opening of nYsE. buying and keeping the stock from the opening of the market to the opening of the market the next day (or from closing to closing) would correspond to investing equally in both securities, "Daily" and "nightly", for one period. Generally, even if the underlying company for a stock is the same, the two securities are separate: they have difference characteristics, e.g. different expected returns and different standard deviations.
We compute the one period "Daily" return as the difference between the logarithms of the closing price and opening price on a particular day. The one period "nightly" return is the difference between the logarithm of the opening price on a particular day and the logarithm of the closing price on the previous trading day. We find the "Daily" and "nightly" average returns, as well as the standard deviations and covariances of the one period returns, over the course of several years. Due to different levels of information flow about economic, financial, and political activities during the "Day" and "night," we cannot expect the above characteristics to be necessarily the same. below, we have provided an example of the differences between stock characteristics in the two states. consider the returns on the bank of America stock. The average historical return on "Daily bAc" from January 2000 to January 2012 is −.00107, and the standard deviation is .028. For "nightly bAc" during the same period, the average daily return is .00071 and standard deviation is .019. The two securities are statistically different with respect to both average returns (p-value p return = .0039) and variance (p-value p variance < 10 −10 ). As seen below, these stock characteristics, such as average return or variance, are statistically different not only for bank of America stock, but also for almost all other stocks. With few exceptions, the variance of returns for the "nightly" securities is statistically lower (p var < 10 −10 ) than the variance for the corresponding "Daily" securities, which means buying one period overnight stock is less risky than keeping the security for one period during trading hours ( Figure 1 and Table 1 ).
because each stock effectively consists of two securities, "Daily" and "nightly" securities, we can form 2N securities out of N stocks. Each security has its own characteristics which are assumed to be constant for an observable period of time, i.e. the "Daily" security has its own set of characteristics which are the same during any trading day, while "nightly" security has its own values for characteristics, which are constant for any non-trading period and may be different from "Daily" values. one can compute these characteristics, such as expected returns, variances, or covariances between securities. Then one can apply the classical portfolio analysis as shown in markowitz (1952, 1959, 1991b) , Ruppert (2006) for 2N securities and find the optimal portfolio (see Appendix for more details). notes: Along the horizontal axis we plotted the return on DAY (circle) or nIGhT (star) security (bank of America stock), while the vertical axes shows the frequency of observation of given returns. It is evident that the DAY return variance is larger than the nIGhT return variance.
analysis and computations
We analyzed 394 stocks from the financial industry, considering only those stocks whose prices are available to us for the 1 January 2000 to 31 December 2012 period. There are 215 stocks satisfying this condition: 187 of them are us stocks, while 28 are international stocks. stock tickers were taken from www.nyse.com/about/listed/lc_all_industry.html, and daily prices for each stock, including opening and closing prices, were downloaded from finance.yahoo.com.
because we are interested in one period returns, i.e. the changes in price during a predefined one period, we need to check that prices are available for these predefined periods for all stocks under consideration. We require one period returns for all stocks on a given day to compute the covariance matrix and, later, the optimal portfolio; therefore, we discard one period returns for all stocks on a particular day or night if the return for one or several stocks was missing for that time period. For example, if one stock had no available prices for Wednesday, one period returns for all stock on that Wednesday were discarded. As we do not know the opening and closing prices for a stock on Wednesday, we cannot compute the "Daily" one period return for Wednesday, or the "nightly" oneperiod returns for Tuesday-Wednesday (we need to know the opening price on Wednesday) and for Wednesday-Thursday (we need to know the closing price on Wednesday). Therefore, returns for Tuesday-Wednesday "night" and Wednesday-Thursday "night" stocks were discarded, as well.
before we discuss the allocation of funds for the optimal portfolio, we would like to present the general characteristics of "Daily" and "nightly" securities. First, we considered the return characteristics for 215 stocks (187 domestic stocks and 28 international stocks). At a significance level of α = .01, there are 13 domestic stocks and 2 international stocks with higher "nightly" average returns than "Daily" average returns. There are 17 domestic and 3 international such stocks at α = .05. however, the number of stocks with "Daily" above "nightly" average returns is larger for both domestic and international stocks. At α = .01, these numbers jump to 27 for domestic and 7 for international stocks. For α = .05, there are 42 domestic stocks and 9 international stocks with higher "Daily" than "nightly" average returns. For the rest out of 215 stocks, there is no statistically significant difference. Figure 2 shows the relationship between the average "Daily" and "nightly" returns for all stocks under consideration. It is obvious that the returns are drastically different for the two states. If the average return in one state is high and positive, the average return on the same stock in the second state is likely to be high and negative as there is a strong negative correlation between average returns on "Daily" and "nightly" securities. The correlation coefficient is ρ = −.86 with the corresponding t-statistic t = −24.5 (statistically different from zero with p < 10 −10 ).
For the majority of stocks, the total daily returns, which is the sum of "Daily" and "nightly" returns using the terminology in the current paper, are about .001 or less which correspond to less than 30% annualized return. however, we see that some averages of one period returns may deviate considerably from zero, with some returns as high as .002-.035 which translates into 50-100% annualized return. We need to note that an investor can realize such levels of return only if the investor keeps the stock exclusively during the night periods (for some stocks) or during the days (for other stocks) and re-balances the portfolio every morning and every evening. Analogously, Figure 3 shows the relationship between the "Daily" and "nightly" standard deviations of returns for all stocks under consideration. The standard deviations of these returns are significantly different at α = .01. For the majority of stocks, the p-value is extremely low-below 10 −6
. notes: For many stocks, DAY and nIGhT average returns have opposite signs. Although the majority of stocks exhibit average DAY + nIGhT returns of less than .001 (corresponding to less than 30% annualized return), several stocks have average one period DAY or nIGhT returns of the order .0015-.0035 which correspond to about 50% to above 100% annualized returns.
only 10 stocks have a larger standard deviation of "nightly" returns than standard deviation of "Daily" returns for the same stock. All such stocks are international stocks. The rest of the stocks (205 out of 215) have higher variances for "Daily" returns with a p-value of less than 10 −6
. It is interesting to note that there is a statistically significant positive correlation ρ = .63 (p-value is less than 10 −6 ) between "Daily" and "nightly" standard deviations.
combining our analysis of both returns and standard deviations, we see that there are 17 us and 2 international stocks with significantly (α = .05) higher average "nightly" returns and lower standard deviations than for "Daily" securities (correspondingly 13 us and 1 international securities for α = .01). There are only five international stocks and no domestic stock with higher "Daily" returns and lower variance (at both α = .05 and .01). The aforementioned stocks exhibit higher return with lower risk.
The above discussion demonstrated that the "Daily" and "nightly" characteristics of the same underlying stock are different. As a result, we can treat the two states as different securities. now, we would like to create a portfolio which consists of "Daily" and "nightly" securities (see Appendix for more details). based on the characteristics of the two states, we are able to compute weights, the fraction of total wealth that an investor should contribute to each security in a portfolio. Exactly half of these weights corresponds to the allocation of funds during the day trading hours, e.g. to the "DAY" portfolio, while the other half of weights corresponds to the allocation of funds the investor should use for buying the "nIGhT" portfolio. An investor should buy a portfolio based on "Daily" weights at the open of the exchange and re-balance the portfolio at the close of the market according to the "nightly" weights. As the market opens the following day, the investor should re-balance the portfolio again using the "Daily" weights of securities and so on. The analysis below shows the advantages of such re-balancing. As commonly done, all computations below assume ideal and frictionless markets, such as absence of bid-ask spread, trading costs, tax considerations, unlimited and free short sales, and enough liquidity to buy or sell any stock.
For easier interpretation, we report this portfolio analysis graphically. We plot the efficient frontier for four different scenarios (see Figure 4) assuming there is no market friction associated with re-balancing a portfolio. The first scenario, buy and hold, is a strategy in which an investor buys a stock and keeps it day and night. using the terminology of this present paper, the weights of "Daily" and "nightly" ecurities for the particular stock are equal. The second scenario is a strategy in which an investor buys a portfolio in the morning, keeps it only during the day and sells it at market close. At night, the investor has zero exposure to the market. In this scenario, the weights for all "nightly" securities are zeros. The third scenario is the case in which an investor buys a portfolio at the close of the market, keeps the portfolio overnight and sells it in the morning. The investor has no stock in possession and does not trade during the day at all. The fourth scenario is a strategy in which an investor re-balances the portfolio every morning and every evening according to the "Daily" and "nightly" weights. From Figure 4 , it is evident that the first scenario (buying a portfolio and keeping it through the day and night) is the worst possible strategy. For the same level of risk, which is measured by standard deviation, the expected return on the efficient portfolio is the lowest one out of the four scenarios. The second scenario (keeping the portfolio only during the day) is mildly better, but the increase in expected return is not very large. For the same level of risk (chosen to be approximately .01-.02, corresponding to about 15-30% annual standard deviation), the increase in expected return is about .002-.004 which translates into an increase of 60-170% in annual return. For the third scenario (keeping portfolio only overnight), the increase in expected return for a given level of risk is even larger and of the order of .0035-.008 (about 140-600%, if annualized). however, the last scenario is the best strategy for an investor to use. For the same level of risk, the increase in expected return is drastic-about .006-.012 (350% to above 1000% annually).
The above analysis cannot be generalized to the whole stock market without any further research which includes stocks from other industries. however, that does not mean that the investor cannot increase the portfolio return significantly without such a research. If subset of stocks allows for the extremely high returns, the investor can use only that subset, ignoring everything else, and receive the high return on "restricted" portfolio. In other words, the option to add securities from other industries may not damage the risk-return characteristics of the portfolio, as there is always the choice to add some securities with zero weight.
unfortunately, this analysis has a few disadvantages: we have too many assumptions which might not hold in the real world. For example, one cannot neglect trading costs with such frequent trading. In practical world, a trading twice per day gives rise to large trading costs which will eat into profits. If an investor is interested in low-price stocks, the discussed strategies may not be advantageous as trading costs, especially bid-ask spread, are very high compared to stock prices. conversely, for high-price stocks, the bid-ask spread is significantly lower in percentage terms relative to the price; therefore, costs are relatively lower and the strategy can be more profitable.
Although the expected return of a portfolio will depend strongly on the choice of stocks included, we roughly estimate the profit of a hypothesized portfolio. For this hypothesized portfolio, we buy about 100-500 shares of each stock, prices of which range from $50 to $100, and re-balance the portfolio every morning and evening. The trading costs are estimated to be about $.1-.15 per share and will lower the daily return by about .003-.005. As these trading costs will eliminate any increase in returns, the second strategy is no longer viable and is not better than the "buy and hold" strategy. notes: The first strategy, the buy-and-hold, is denoted by small triangles. The second strategy, the DAY scenario, is denoted by points. The third strategy, the nIGhT scenario, is denoted by points and dashed. And the best strategy, rebalancing the portfolio at every open and close of the market, is denoted by solid line. one can easily see that the last strategy delivers much higher expected return for a given level of standard deviation of the portfolio.
Although the same reasoning is applicable to the third strategy, the third scenario may still be profitable compared to the "buy and hold" because at higher level of risks, increases in returns are much larger yet the trading costs are roughly the same. For example, at higher risks, such as standard deviation of approximately .02 (about 30% annually), the third strategy may increase the expected return by 50-70% compared to the "buy and hold" strategy, whereas the increase in expected return using the second strategy will be eliminated. Finally, if we follow the fourth strategy and re-balance the portfolio every morning and evening, the expected return increases approximately .001-.007 or about 25% (for lower risk portfolios) to 400% (for higher risk portfolios) annually compared to the "buy and hold" strategy.
conclusions and implications
We consider a stock be in one of two states: the "DAY" state during trading hours and the "nIGhT" state during non-trading hours. We have shown that the stock characteristics (in "Financials" industry), such as average returns and variances, are statistically different for the same stock in the two states. Therefore, any stock, at least from the financial industry, must be treated as two separate securities: a "DAY" security and a "nIGhT" security. This study has provided empirical analysis based on 215 financial industry stocks in the time interval from January 2000 to December 2012. We have shown that an investor can increase his return on the optimal portfolio up to 400% using new portfolio allocation methods. This study concludes that an investor can optimize a frontier portfolio by re-balancing said portfolio twice a day according to periodically changing weights. 
